Research on resource utilization and underground circulation treatment of mine drainage  by Zhong-ning, Zhou et al.
The 6th International Conference on Mining Science & Technology 
Research on resource utilization and underground circulation treatment 
of mine drainage 
 
Zhou Zhong-ninga*, Li Yi-mina, Cao Leia, Gu Yong-xiab 
aSchool of  Mechanical Electronical and Engineering, China University of Mining and Technology, Xuzhou 221008, China 
bCollege of Mechanical and Automation Engineering, Beijing Technology and Business University, Beijing 100037, China 
 
Abstract 
Mine drainage is a source which has relatively stable quality and been used conveniently. Recycling of mine drainage will greatly 
release the contradiction between the high rate of coal production and the relative shortage of water resource. At present, the cost 
and effectiveness of mine drainage disposal seriously restrict the reclamation utilization of mine drainage. Taking the Jining No.2 
coal mine as an example, this paper deals with the mechanism and feasibility of processing mine drainage in goaf, and designs a 
circulatory system of processing mine drainage by goaf. Through the circulatory system the removal efficiency of turbidity 
exceeded 98%. Index in nitrate nitrogen, arsenic, total hardness, and ammonia nitrogen was reduced largely. The results indicate 
that, with underground circulation treatment system based on goaf, mine drainage can achieve the industrial water standard, 
processing cost can be reduced effectively and contamination of mine drainage on water environment can be solved 
fundamentally. It can prevent spontaneous combustion in goaf and has adjustment function in flood season. 
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1. Introduction 
In coal production process, massive mine drainage is discharged. Direct emission not only wastes the precious 
water resources, but also pollutes the environment[1]. Processing and using mine drainage could prevent losses in 
water resources, avoid pollution to the water environment, and alleviate insufficient of water supply in mining 
area.[2] 
At present, the main way for processing mine drainage is precipitation, clarifies, adding flocculants and so on 
after mine drainage is pumped out [3-5]. This processing mode increases expense for extracting mine drainage. 
Moreover, it forms the vitriol flower which has the characteristics of loose structure and slow settling rate after 
adding medicine, which results in mine drainage not attain the designated standard after processing. It is not only a 
waste of project investment, but also pollution to the environment[6]. 
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 Taking the Jining No.2 coal mine as an example, we studied on using geography resources under the mine, 
choosing appropriately large capacity goaf as natural filtering pond and sedimentation pond for processing mine 
drainage. This can make the mine drainage circulation under the mine, reduce pollutions by discharging mine 
drainage to environment[7], improve its anti-flood ability and prevent the spontaneous combustion in goaf. 
2. Mechanism analysis of processing mine drainage by using goaf[8] 
2.1. Shape and ingredient of goaf  
The main ingredients in the goaf are carry-over coal ash, coal pellets and some other mineral substance pellets. 
 
Fig. 1. Diagram of goaf 
2.2. Mine drainage poured into goaf as water body with self-purification nature 
As the main place for processing mine drainage, goaf has similar nature as rivers and lakes, self-purification, 
because it is a kind of typical water body like rivers and lakes with a large capacity, about several hundred 
thousand cubic meters. 
The main points in self-purification of water are waste water diluting in the water body, changing of dissolved 
oxygen in the water body and the death of bacterium. The content of dissolved oxygen has the important influence 
on the biological growth and reproduction in water. The bacterium content has serious influence on the hygienic 
quality of water body. The mechanism of self-purification could be divided into four kinds, the death of bacterium, 
physical self-purification, chemical self-purification, and biochemical self-purification。 
2.3. Large capacity of goaf is good for the adjustment of water quality 
The quality of waste water is usually unstable, often changes with time. In order to reduce fluctuate in quality as 
far as possible, provide a stable and optimized condition for the following water treatment system, we must carry on 
equalization (adjustment) treatment of the water quality. And the large capacity of goaf is good for the adjustment of 
water quality. Adjustment and equalization of water quality can improve the manipulativeness of waste water, 
reduce impacted load which may be produced in the production process. Virulent material like microorganism can 
be diluted. The pH value can be controlled to stabilize water quality. 
2.4. Capacity and shape of the goaf have the function of sedimentation pond and filtering pond 
In the wide range, the goaf synthesized the flow precipitation ways of advection, width-sunk and vertical. It is 
very good for precipitation. The flow velocity of mine drainage is so small, nearly zero in goaf, that the precipitation 
effect is extremely good. The longer the mine drainage residents in goaf, the better precipitation effect is. In the goaf 
at Jining No.2 caol mine, the grill equipped in the entrance is used to intercept big floaters in waste water to avoid 
blocking the construction holes. Simultaneously, the goaf is also full of granular medium. When the water flows 
through filter-stuff bed with granular, suspension and colloid in the water will be remained on the surface of filter-
stuff and internal crevice, which has achieved the filtration effect with granular medium. Besides as a sedimentation 
pond, the goaf also has the function of filter pond with the ability to accept dirt and remove the majority of 
suspensions in the water, because it has massive granular materials including quartz sand, powdered coal pellet and 
so on.  
2.5. Biochemical function of goaf in processing mine drainage 
Goaf contains the carry-over powdered coal, which consists of many kinds of mineral substance and chemical 
elements. They can have chemical reaction with the polluted material in mine drainage to produce chemical 
precipitant which can subside and then play the effect of purification. In such a wide range of goaf, there are 
inevitably lots of different kinds and different metabolic types of microorganism. Their metabolism can oxidate, 
contaminated water goaf into the filter 
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decompose and adsorb soluble organic matter and partially insoluble organic matter in the waste water, and 
transform them into harmless stable material, thus purify the waste water. 
3. Experimental study on processing mine drainage in goaf 
3.1. Quality analysis of mine drainage in Jining No.2 coal mine 
The mine drainage in Jining No.2 coal mine belongs to the micro mineralization (mine extraction makes ground-
water contact with the carbonas rock layer and sulfuric acid rock layer in coal formation stratum, which accelerates 
this kind of mineraloid to dissolve in water, and increases the content of 2Ca + , 2Mg + , 3HCO − , 23CO − , 24SO −  in mine 
drainage to concentrate mineralization) and includes suspension. It is mainly the suspension mine drainage with 
micro-metallic ion. The water quality is neutral. It is mainly influenced by extraction. It contains lots of suspensions, 
a few organic matters and resolvent, bacteria colony and so on[9-10].  
The suspensions in the mine drainage are mainly coal ash, rock ash and clay and so on. The size of coal ash 
differs greatly in diameter. Its specific weight is much smaller than that in the surface river system. Therefore, the 
suspensions in the mine drainage are characterized by greatly different diameters, small specific weight, slow 
settling rate and so on. 
The coal is a complex of organic and inorganic. The coal molecules in differert carbonificated stage have different 
structure and size, their charge quantity on the surface of coal grains is not the same. Thus its hydrophilic degree is 
also different. In the periphery macro-molecule fragrant condensation link of low stage coal, there are many polar 
groups (-COOH,-OH etc.), which reduces gradually with the carbonificated degree, and finally it losses the polar 
groups completely to become unhydrophilic material. The coal ash in mine drainage with suspension and inorganic 
coagulant kissing are much weaker than the silt particles in surface river system. Therefore, it is difficult to form 
vitriol flower, and the coagulation settleability is poor. 
Considering the above factors, it must spend lots of time and money by using convention method to process mine 
drainage. Simultaneously, COD of mine drainage with suspension is mainly caused by the organic reducible of 
carbon molecules in coal slack, but extremely stable in the water. It will vanish along with the elimination of 
suspension. Therefore, biochemistry processing is not necessary. These provide good conditions for using goaf to 
process mine drainage. 
3.2. Experimental results and analysis  
In order to verify the effect of goaf removing suspended solids in mine drainage, we take 2 kinds of mine 
drainage as test specimen. A rock layer model with small hydraulic gradient was established in the laboratory 
(Figure 2). Considering the top of the goaf mainly composed of limestone rocks and marble, different particle sizes 
of limestone, marble and quartz sand were filled in the glass filter sump; and circulation pipeline was established 
because the length of the indoor model is much shorted than the real length of goaf. The experimental results (Figure 
3, 4 and the Table 1) indicated that the three indexes of various water samples drop after filtration. Among them, the 
elimination effect of turbidity is most obvious. The removal rates were 97% and 95%. Removal rate of chromaticity 
were 75% and 80% and there is only little change in conductivity. 
The purification ability of the filter after washing was verified. The results indicated that it took a relatively 
longer time to achieve the purifying effect (Figure 4). And the really filtration condition in goaf is much better than 
those of the experimental conditions, the effect under actual operation will be further enhanced. The experimental 
results indicated that using goaf to deal with mine water is feasible. 
 
Fig. 2. Experimental model 
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Fig. 3. Filtration purification effect of mine drainage 
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Fig. 4. Purification effect after washing 
Table 1. The comparison of mine drainage detection index 
Water 
samples 
I original 
water 
I treated 
water 
II original 
water 
II treated 
water 
Turbidity 1560 36 >2000 114 
Colority 8 2 26 5 
Conductivity 1975 1675 1990 1750 
4. Project of processing mine drainage with goaf at Jining No.2 coal mine 
4.1. Computation and the basic requirement for choosing goaf 
First, the capacity of goaf should be big enough, so that it can form a water body with self-purification. Second, 
the grill which is made by a group of parallel steel grids, should be installed in the entrance of goaf. The grill is 
erected in front of the mine drainage treatment construction or in the entry channel of pump basin. The grill is used 
to intercept bulk floating matters in the mine drainage, so as to avoid blocking the pipeline or damaging water pump.  
Third, ventilation at the exit and entrance of goaf should be good, so that there will be sufficient oxygen in these 
regions. As the natural filtration sedimentation pond, goaf has to be cleared before the injection of water. Fourthly, 
the position selection is also extremely important. Generally, the best position is near the vice-well, so that mine 
drainage may enter the goaf through automatical-flow or simple pipelines. The topography elevation should be low 
to guarantee safety production. 
The No.4 goaf at Jining No.2 coal mine is taken as the example to explain general computational method of using 
goaf to process mine drainage. The No.4 goaf is 240m in length, 50~120m in breadth, average breadth 60m, 20~60 
m in height, average height 30m. The area of goaf is 14800m2. The overlap part of goaf and unexploited mine is 
13000 m2, and the goaf volume that need to be processed is 350000m3. The top of the goaf mainly composed of 
limestone and marble. 
After selection of goaf, it is necessary to compute various parameters of precipitation ability. Parameter 
computation is as follows: 
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(1) Flow velocity of sewage is v  (m/s) 
/v Q S=                                                                                            (1) 
Q is the flow of mine drainage in goaf, 3 /m s ; S is the cross section area in vertical direction to the flow, 2m . 
Q =120 3 /m s , and S is 13000 2m , then v=0.01 m/s, the flow velocity is small enough. 
(2) Settling velocity of particles 
Suppose particles settle freely in the goaf (in actual situation, the adsorption to suspension by particles will 
accelerate the settling of particles greatly, then cause the u value bigger than calculated value), the settling velocity 
of a single particle can be computed according to the Stokes formula: 
2
1( )
18
sg du ρ ρ
γ
−
=                                                                                (2) 
where,  u——settling velocity, m/s; 
d——particle diameter ,m 
sρ , 1ρ ——density of particles and liquid, 3/kg m  
γ
——liquid viscosity, 2/N s m  
d=0.13mm, sρ =2000 3/kg m , 1ρ =1100 3/kg m , γ =0.001 2/N s m⋅ , thus u=0.015 m/s. 
(3) Resident time T of suspension in water 
HT
u
=                                                                                            (3) 
where, H ——Effective depth of sedimentation tanks, m 
u
——settling velocity, m/s. 
T calculated by equation (3) is 2000s, while the time from water entering into the goaf till leaving is 24000s 
(goaf length and flow velocity ratio). We can find the capacity and length of the goaf is big enough to enable the 
suspended matter precipitate in it. 
4.2. Effect of treatment 
In goaf airtight wall, 4 discharge silt pumps are installed, which pour the mine drainage from the level 2 of south 
limb and the west track of north limb into No.4 goaf. Taking the goaf as a natural filter to carry on primary reduction 
of speed, precipitation and primary filter, then pour into the medium-speed filtration pot to carry on the second level 
of processing. After processing the water enters the reservoir. The underground circulation usage of mine drainage 
could be realized by pumping the processed water into pipe network.  
Table 2. Main index change of mine drainage by goaf 
Project name Description Unit Determines value 
after processing 
Determines value 
before processing 
Turbidity degree <1 >100 
Ph  7.90 7.95 
nitrate-n mg/L <0.2 6.0 
arsenic mg/L <0.001 <0.02 
sulfate mg/L 65.0 66.1 
Total hardness mg/L 128.1 258.2 
ammonia -nitrogen mg/m3 <0.02 0.984 
Total solid mg/L 1042 1062 
The mine drainage after processing meets the requirements of "Integrated wastewater discharge standard 
(GB8978-88)” and “the industrial enterprise design and hygienic standard”, as shown in table 2. 
From table 2 we can see that, after level 1 of reduction of speed, precipitation and the primary filter and level 2 of 
processing in goaf, the removal rate of turbidity, nitrate nitrogen, and ammonia nitrogen are all above 98%. The total 
solid of sulfate and the soluble did not change obviously, which is identical with the change of conductivity in 
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 experiments. This explained why underground water disposal system has a very good processing effect for mine 
drainage containing suspension, while does not have a good effect for mine drainage with relatively high salinity. 
Majority of mine drainage in our country belongs to suspension mine drainage, which indicates underground water 
disposal system by using goaf has a widespread application prospect. 
5. Effect of underground circulation treatment system by goaf against natural calamity 
Taking full advantage of the large capacity and good separation condition of goaf, we proposed the following two 
ways to solve the problems of great threat to coal mine during flood season and heavy financial burden for drainage.  
(1) In order to solve the flood pressure of underground drainage, the goaf which has little discharge can be taken 
as surge bin. 
(2) In order to control the discharge in flood season, goaf which has large discharge can be isolated by building 
walls. The control principle is to build a sluice wall intercept goaf with outside, so that the water can rise to a certain 
level. Storage space can be taken as surge bin to control the discharge. Control is divided into flood season 
regulation and non-flood season regulation. Flood season regulation is for the purpose of ensuring security in flood 
season, while non-flood season regulation is for the purpose of enhancing coal mine economic efficiency. 
Using goaf could optimize the drainage systems, improve the response capacity of the mine and have the ability 
to alleviate the threat of water damage. At the same time, it can prevent spontaneous combustion in goaf. 
6. Conclusion 
1) Mechanism study of underground circulation treatment system based on goaf shows that goaf is served as 
sedimentation tank and filtration tank. 
2) The removal efficiency of turbidity exceeded 98% through circulatory system. The indexes of nitrate nitrogen
，arsenic, total hardness, and ammonia nitrogen are reduced largely. 
3) Using goaf to deal with mine water breaks the usual pattern, such as using flocculants to purify the water in the 
well. Mine drainage can meet the industrial water standard, processing cost can be reduced effectively and 
contamination which mine drainage adding to water environment can be solved fundamentally. 
4) It can prevent spontaneous combustion in goaf and have adjustment function in flood season by dealing with 
mine water through goaf. 
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